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Abstract _ 
FTIR and auio-fluoresccnce techniques, based on the monitoring of endogenous molecules, are able to discriminate between normal 

CO 

and leukemic white blood cells. MIR specirn were measured at 4 cm'' resolution on 6 batches of nonnal lymphocytes and leukemic lU 
Daudi ceils, centrifuged and dried on a BaF, window. The finger-print region (800-1800 cm*') of each spectrum was selected, de- flQ 
trended by subtraction of a straight tangent base line and noi-malized at the same area. Significant differences were found in the rel- 
ative absorbance distribution within the range analyzed between normal and malignant cells. 

Epifluore.scencc microscopy techniques were employed on living leukocytes and Daudi cells. Fluorescence was delected by a 
digiuil CCD camera. Spectra were measured by an optical multichannel analyzer coupled to the microscope. Fluorescence was lo- 
cated at cytoplasmic-lcvcU thus probably related to the metabolic processes of the cells. PhotophystcaJ properties appear different 
among the normal leukocyte populations and between normal and leukemic cells as far as spatial distribution and light spectrum 
and intensity is concerned. 
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1. Introduction 

The application of new optical technologies to the 
field of biology and medicine is in continuous evo- 
lution. Fluorescence and Fourier Transform Infra- 
Red (FTIR) techniques, based on the labelling of 
biological targets by endogenous molecules, may 
give complementary metabolic and structural infor- 
mation. We are investigating on their use for the 
discrimination between normal and leukemic lym- 
phocytes in the effort to improve new diagnostic 
methods in hematology and possibly new insight 
into the etiology of leukemia. 



1.1. FTIR Spectroscopy 

In spite of the apparent close similarity of the mid- 
. die infrared (MIR) spectra of biological matter, at 
least the so called finger print region (—800-1800 
cm'O is known to exhibit a good overall discrimi- 
nant power between different cell types. This result 
may be not suiprising considering that the bio- 
chemical information related to phenetic and genet- 
ic expression of a specific organism globally tested 
by a MIR probe is spread and hidden beneath the 
shq)e of the spectrum. Going back to 1957 Green- 
street and Norris [1], many years before the advent 
of FTIR spectroscopy, measured MIR spectra of 
heat-killed dried bacteria of different genus and 
species by means of a refractive double-beam spec- 
trometer and were able to attain a good discrimina- 
tion using a statistical method based on Spearman 
rank correlation coefficient. 

The advent of modem interferometric FTIR tech- 
nique in conjunction with very sensitive MCT de- 
tectors augmented a great deal the specification of 



MIR-spectroscopy and has become a very sophisti- 
cated yet easy-to-use tool for biomedical research. 
Recently [2] classification of bacteria strains, per- 
formed by clustering methods based on Pearson 
correlation coefficient, has been attained and a da- 
tabase of reference spectra has been proposed 
which can be used as an easy and safe method for 
the rapid identification of clinical isolates. Signifi- 
cant differences were also found between normal 
and malignant tissues and isolated human cells [3- 
5]. In a very recent p^^Der [6] Malins et Al. docu- 
mented progressive structural changes in isolated 
DNA of the normal female breast leading to a pre- 
malignant cancer-like phenotype and claimed to 
have the possibility of predicting breast cancer oc- 
currence at early stages of oncogenesis. 

Some work has aJso been made in the field of 
haematology on ex-vivo normal and leukemic white 
blood cells and culture models. On comparing MIR 
spectra of single human normal and leukemic lym- 
phocytes obtained by FTIR microspectrbscopy, 
Benedetti et Al. [7] proposed as a discriminant in- 
dex the ratio of the integrated areas of the transmit- 
tance bands related mainly to DNA content (--1080 
cm ') over that identified as proteic components 
(•^1540 cm"'). More recent papers are dealing with 
the respon.se of different mammalian leukemic cell 
lines to experimental .stimuli. It was shown diat 
FTIR spectroscopy, performed on cell smears, 
proved able to distinguish between multidrug resist- 
ant and sensitive phenotypes in human K562 and 
hamster LR73 cell lines [8]. Significant spectral 
differences were also obtained comparing FTIR 
spectra of undifferentiated and polynucleated FLG 
29.1 cell line, used as a model to study osteoclast 
ontogenesis [9]. 

In tiie present paper we report preliminary results 
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obtained comparing FTIR spectra of human normal 
leucocytes with those of Daudi leukemic cell line. 



1.2 Natural Fluorescence Spectroscopy 

A large number of biological components exhibit 
fluorescing properties so that» when irradiated with 
suitable wavelengths, they give rise to a natural flu- 
orescence emission (NF) in the ultraviolet-visible 
spectral range. 

Some of the fluorophores involved in autofluo- 
rescence emission are related to the biomolecules 
responsible for the structural arrangement of cells 
and, principally, proteins due to the presence of the 
aromatic amino acids tryptophan, tyrosine and phe- 
nylalanine (emission in the near ultraviolet). Odier 
fluorophores are biomolecules involved in metabol- 
ic functions. For example nicotinic and flavinic 
coenzymes, have a blue and green fluorescence re- 
spectively [10]. 

On this basis, the NF of biological substrates 
has been considered an important tool for the in- 
vestigation of morphologic and functional aspects 
of cells and tissues without interfering with the 
native cellular environment. Nevertheless very few 
studies on haematic cell autofluorescence have 
been done and very little is known on this subject. 
In Hematology, very few autofluorescence studies 
have been reported in the literature. They relate 
mainly to the eosinophil fluorescence emission 
[111. Recently the fluorescence properties of hu- 
man white blood cells have been studied [12]. Mi- 
crospectrofluorometric analysis, performed on sin- 
gle cells, was able to distinguish lymphocytes, 
monocytes, neutrophils and eosinophils according 
to the intensity and spectral shape of the auto-flu- 
orescence emission in the range from 420 to 650 
nm. Differences in the intrinsic metabolism seem 
to be responsible for the fluorescence differences 
observed. 

In this paper we present a preliminary study on 
the property of autofluorescence spectroscopy to 
discriminate also between normal lymphocytes and 
leukemic cells derived from a human stabilized cell 
line. 



2. Material and Methods 

Normal lymphocytes, collected from peripheral 
blood of healthy donors, and leukenuc cells derived 
from the human stabilized cell line Daudi have 
been analyzed with FTIR and epifluorescence mi- 
croscopy spectroscopic techniques. Daudi is a cell 
line of lymphoid nature deriving from patients suf- 
fering from lymphoid neoplasms. 

Daudi lines were cultured in RPMl 1640 with 10 
% FCS, incubated in 37^C, 5 % CO2 and 100 % 
humidity and splitted twice a week. Before use 
cells were resuspended in saline. Venous peripheral 
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blood was collected in hepatin, applied to a 1.077 
density gradient by centrifugating at 400 g for 30 
min. Cells at interface were collected, washed and 
resuspended in saline for fluorescence measure- 
ments, FTIR spectroscopy was performed on dried 
stratificadon of about 10^ cells obtained upon cen- 
trifugation on 13-mm-diameter X 2-mm-thick BaPj 
window housed in a special support fitting the cyio- 
block. 



2.1. FTIR measurements 

MIR spectra were measured on 6 different batches 
of normal lymphocytes and Daudi cells using a Shi- 
madzu FTIR spectrophotometer (mod. 820 IPC). A 
clean BaFj disc was used as background reference. 
Interl'erograms were collected at 4 cm"' nominal 
resolution in the range 800-4000 cm'' and averaged 
over 100 scans using Happ-Genzel apodization 
function. Absorbance spectra were recorded for off- 
line calculation. 

The finger-print region (800 - 1800 cm '> was se- 
lected to test the overall difference in the distribu- 
tion of absorbance bands. At this stage of study no 
multivariate analysis was employed. By home-de- 
veloped algorithm a tangent straight base-line was 
automatically calculated and subtracted from each 
spectrum. New relative values of spectral absorb- 
ance were substituted to the original ones. All the 
spectra were then normalized in such a way as co 
have the same area. At each frequency the differ- 
ence between mean absorbance of normal and Dau- 
di cells was tested by non-parametric Wilkoxon's 
rank-sum tesL 

2.2. Fluorescence measurement 

Microspectrofluorometric analysis of leukocytes 
was performed by means of an inverted microscope 
Diaphot (Nikon. Japan). The ' microscope was 
equipped with an oil-immersion CF-UV fluor 
(Nikon, Japan) objective lOOx (N.A. 1,30). Excita- 
tion light for both microspectrofluorometric and im- 
age analysis was provided by a high pressure 100 
W mercury lamp HBO (Osram, Germany), in com- 
bination with KGl (Schott, Germany) heat blocking 
filter and interference filters to select the excitation 
wavelengths. Fluorescence emission arising from 
the cells, collected by the objective and passed 
through a dichroic mirror (DM 400, Nikon), was 
analyzed by a multispectral digital CCD camera 
cooled at --20°C (Compuscope CCD800) with 
768x512 pixels and a lumogen coating for en- 
hanced UV sensitivity. The CCD camera was 
equipped with a filter wheel to select up to 8 differ- 
ent spectral bands. For each sample, the fluores- 
cence image excited at about 365 nm was detected 
for spectral band centered at 450 nm. 

The spectra were measured by an optical mul- 
tichannel analyzer (OMA III, EG & G Princeton 
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Fig. I - FriR mcMx ah\oihancc spectra of Daudi cells (dashed 
line) and lymplHKVirv (soiid line). Significant differences 
(p<0.025) in absu«har>.c air highlighted in gray. 

Applied Rcscafch imnid 1460), connected to an 
auxiliary outpvii piwt ut ilic same microscope. 



3. Results and iH^ruaAioo 

3.1 FTIR sprc!ftn. t ff\ 

In Fig. I arc pli'UcJ t.v Im^er-print region mean 
spectra of DauJi vi lW <d;i5hrd line) and normal 
lymphocytes (suhJ lirwi Significant differences in 
absorbancc wcic ik-u-acil b> Wilkoxon test mainly 
between — 90() en- 4fv: ihc Amide II region peaked 
at 1541 cm*'. 

In Fig. 2 tlic ineonx of the second derivative 
spectra [13] of DjuJi cells and lymphocytes in the 
range (950-1250! cm arc shown. The most signifi- 
cant (p<0.005) dittficnces aic found: 0 in the band 
peaked at 965 cn (a\^ipnable to phosphorilated 
proteins and cclh:laf nucleic acids [14]); //) in the 
composite region bctuccn 980 cm"' and 1030 cm ' 
(assignable lo glvwi»i'cn and carbohydrates [14]); 
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Fie 3 - Fluorescence cfniN^KW »prcira recorded at microscope 
on .single cell, under ci. it jju n ai 365 nm and for the same in- 
tegration time. Can be ohv:ivcJ ihc differences m nuorescence 
intensity and the shape hci^ccn nonnal and leukaemia cell 
spectra normalized to ihe iruxinun; (sec in.'iet). 




-0.10 



Wave number [cm'^l 



Fig. 2 - Second derivative (multiplied for -I) of absorbance 
spectra of Daudi cells (dashed) and lymphocytes (.soHd). The 
arrows point to tlie most sigmftcanl bands. 

iii) in the composite region between 1140 cm * and 
11.80 cm ^ (assignable to C-O stretching mode of 
some amino acids, carbohydrates and meinbrane li- 
pids [4]); iv) in the band peaked at 1240 cm'' (as- 
signable to nucleic acids backbone asymmetric 
phosphate stretching but also, in some extent, to 
amide III). 



3.2 Fluorescence spectroscopy 

Microfluorometric analysis was performed on sin- 
gle hving cell. Typical emission spectra recorded on 
excitation at 366 are shown in Fig. 3. On excitation 
at 366 nm, the NF consisted of a large emission 
band centered in the range 440-460 nm. Additional 
fluorescence contributions were observed, as shoul- 
ders, at longer wavelengths. 

Typical examples of the fluorescence patterns ex- 
hibited by lymphocyte and leukemic cell on excita- 
tion at 366 nm are shown in Fig. 4. 

The cell populations examined exhibit peculiar 
fluorescence emission bands both in the UV and 
blue-green spectral regions. The blue component 
(excitation peak —350 nm, emission peak —450 
nm) can be ascribed to nicotinic coenzymes and to 
their derivatives, in particular to the reduced form 
of nicotinamide adenine dinucleotide (NADH) 
[15,16]. The green component (excitation peak 
-430 nm, emission peak —530 nm) is attributed to 
flavins and flavin coenzymes, but lipopigmenls can 
also contribute [17]. The intracellular fluorescence 
pattern reveals that fluorescence is located at cyto- 
plasmic-level, the nucleus is almost dark, thus 
probably related to the metabolic processes of the 
cells. DAUDI cells exhibited more homogeneous 
distributed fluorescence. The photophysical proper- 
ties of cells appear different among the normal pop- 
ulations and between normal and leukaemic ones. 

Both the nature and the extent of the differences 
change according to the excitation wavelength. 
The intrinsic metabolic engagement, rather than 
the cell dimension, seems to be responsible for the 



293 



i 

'1 



XP008011658 • 




m 



CD 

8 
5 



Fig. 4 - Transmission (top) and autonuorescence (bouom) images of lymphocyte (left), and leukaemic cell (right), recorded under 
excitation at 365nm. 



differences observed among the lymphocyte popu- 
lation emissions. 

Furthermore. NF of leukemic cells shows pecu- 
liar characteristics concerning their responce to UV 
irradiation. Under excitation, the fluorescence ini- 
tially arises from the peripheral region of the cell, 
and it appears as a blue-green ring very close to the 
membrane. Progressively the thickness of the ring 
increases until it occupies all the cell, [see Fig. S]. 
At the same time the intensity also increases. The 
leukemic cell spectrum, in comparison with leuko- 
cyte one, reveals some differences: the peak in the 
blue band is red shifted and a broadness of the 
green band is evident [Fig. 3 inset]. 



4. Conclusion 

In this preliminary study, the number of samples 
analyzed and compared by FTER and fluorescence 
spectroscopy is small, 

Neverthless FTIR results indicate that it is even 
possible to find or to assume structural differences 
in the comparison of two groups of cells and as- 
.sign them tentatively to important cellular compo- 
nents such as carbohydrates, phospholipids and 
nucleic acids. We did not calculate any discrimi- 
nant function but we are very confident to confirm 
also in our case the overall discrimination power 
of FTIR spectroscopy, not only between normal 
and malignant cells, but also for normal blood 
cells classification. 



On the other side fluorescence results clearly 
show the existence of a link between photophysi- 
cal properties and cell metabolism. Changes in the 
state of cells and tissues, occurring during physio- 
logical processes or in connection with pathologi- 
cal conditions, are supposed to modify both the 
amount and distribution of the natural tluoro- 
phores. On this basis, the NF study may provide • 
new insight into metabolic processes and bio- 
chemical pathways. 

Considering the statistical significance of the 
data collected and the relatively simple method of 
measurement, interesting prospects have been 
opened for applying both FTIR and autofluores- 
cence techniques to the detection of abnormal and 
immature hemopoietic cell. 

In conclusion we think that combining MIR and 
NF techniques may give complementai^ informa- 
tion on structural and functional properties of 
blood cells so that not only automatic discrimina- 
tion can be possible but also new insight into can- 
cer development dynamics and early diagnosis 
could be reached. 
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Fig. 5 - Autofluorescence images of a single DAUDI cell ex- 
cited at 36Snm nnd recorded after increasing time (from top to 
bottom) of UV irradintton. Upper image was recorded after 2 
sec of exposure at 36Snm. Middle and bottom images were re- 
corded after 20 sec and 60 sec, respectively. 
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